Diffuse large B cell lymphomas (DLBCL) are an aggressive group of non-Hodgkin lymphoid malignancies which have diverse presentation and can have high mortality. Central nervous system relapse is rare but has poor survival. We present the diagnosis of primary mandibular DLBCL and a unique minimally invasive diagnosis of secondary intracranial recurrence. This case highlights the manifold radiological contributions to the diagnosis and management of lymphoma.
Introduction
Diffuse large B cell lymphomas (DLBCL) are the most common form of non-Hodgkin lymphomas. While they usually present as a neck or abdominal nodal mass, they can arise in almost any extranodal site and are therefore frequently challenging to diagnose. Due to this varied presentation, radiology plays a central role in the diagnosis and management.
Early stage DLBCL is potentially curable. Survival for patients with more advanced disease varies widely depending upon multiple factors, including the genetic profile of the tumour [1] . Long term survival has been reported in up to 93% of patients with low risk disease [2] ; however it is approximately 35% in those with the aggressive Activated B Cell (ABC) subtype [1] . The risk of central nerve system (CNS) relapse from an extracranial primary DLBCL ranges from 1.1 to 10.4% [3] and the median survival for these patients is 2-5 months [4] . Therefore, recognition of secondary CNS involvement is essential for accurate prognostication. Magnetic resonance imaging (MRI) is the primary modality used for the investigation of suspected cases; however, MRI appearances are not pathognomonic, necessitating histopathologic or cytologic samples to confirm diagnosis and exclude mimics (e.g., tuberculosis). Early diagnosis is paramount, in order to initiate and optimise therapy, but obtaining samples of intracranial lesions for histologic analysis can be challenging and risks iatrogenic neurological injury.
Here we report a case where the cytological diagnosis of intracranial DLBCL recurrence was achieved via a minimally invasive approach.
Case
A 65-year-old female presented to her dentist with throbbing left jaw pain and paresthesia of the left lip. She had a broken and infected lower left premolar tooth removed; however the paresthesia in the distribution of the left alveolar nerve persisted. At presentation she had a significant disability related to chronic obstructive pulmonary disease secondary to smoking (80-pack-year history) and she had a documented abdominal aortic aneurysm which was being monitored.
A noncontrast CT of the facial bones was performed for further assessment of her symptoms, which demonstrated sclerosis of the mandible in the midline with an overlying soft tissue mass and an asymmetric widening of the left alveolar canal. The latter finding raised the possibility of a malignant lesion with perineural spread (Figure 1(a) ). An excisional biopsy was performed and histopathological analysis revealed diffuse large B cell lymphoma, ABC subtype. The tumour was positive for CD20, CD79a, Bcl-6, and MUM-1 (weak) but was negative for CD10, cyclin D1, Tdt, CD5, p53, and Bcl-2. Testing for c-myc and Epstein-Barr virus encoded RNA (EBER) was negative and the proliferative index was 90% as estimated by MIB-1. Fluorescence in situ hybridization (FISH) testing showed no translocations or rearrangements in myc, IgH t(8;14), Bcl-2, or Bcl-6. Lactate dehydrogenase was normal. A baseline 18-fluorodeoxyglucose positron emission tomography (18-FDG-PET) scan identified abnormal tracer uptake (SUV max 19.6) in the left mandible and buccal mucosa. In addition, there was high tracer uptake along the left alveolar canal (Figure 1(b) ), further suggestive of potential perineural tumour spread. There was no evidence of disease elsewhere. The patient suffered a non-ST elevation myocardial infarction during her work-up, requiring multivessel angioplasty and stenting of the right coronary and left circumflex vessels. Due to her advanced pulmonary and cardiac disease, the decision was made to treat her initially with 20 fractions of radiotherapy (total dose 40 Gy over 4 weeks) to her jaw, deferring potentially cardiotoxic chemotherapy until her cardiac status improved. She developed severe mucositis with ulceration after irradiation.
A posttreatment repeat 18-FDG-PET, performed three months after completion of therapy, showed no tracer accumulation in the mandible, consistent with complete treatment response of the primary lesion. However, there were multiple new sites of uptake throughout the skeleton, in the right side of the neck and overlying the right posterior temporal and inferior parietal lobes of the brain (Figure 1(c) ). An urgent MRI of brain was performed, showing bilateral enhancing dural masses overlying the parietal and occipital lobes (Figure 1(d) ). On the right, the dural mass extended through the squamosal suture (Figure 2) into the postauricular scalp.
The scalp mass was then sampled using fine needle aspiration under direct ultrasound guidance (Figures 3(a) and  3(b) ). Cytological analysis identified a population of single large atypical lymphoid cells, consistent with a recurrence of the patient's lymphoma. She proceeded to 20 fractions of whole brain radiotherapy (total dose 36 Gy) with subsequent R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone) plus lenalidomide chemotherapy. Initial chemotherapy was well tolerated but she presented just before course #3 with neutropenic sepsis with bilateral pneumonia. Despite aggressive therapy she succumbed to this infection.
Discussion
Primary non-Hodgkin's lymphoma of the mandible is rare, accounting for 0.6% of total cases [5] . It usually presents with jaw pain and can be difficult to differentiate clinically from conditions such as osteomyelitis, secondary neoplasms, or odontogenic lesions [6] . Other symptoms such as intraoral mass and tooth mobility may lead to misdiagnosis as a dental disorder [7] [8] [9] . More sinister signs, such as a nonhealing tooth socket, may prompt consideration for malignancy. Up to 20% of cases report paresthesia [6] , and in this case the presence of subtle widening of the left alveolar canal raised the clinical suspicion of malignancy, since widening of this canal has been previously reported in lymphoma [10] [11] [12] [13] .
PET CT is an extremely important tool in the management of lymphoma, from initial diagnosis to assessment of treatment response and diagnosis of relapse. It is the primary modality used for staging this condition, where it detects approximately 20% more lesions than CT alone [14] . It can also be effective, when used in conjunction with MRI, in identifying perineural spread [15] , as in this case. PET CT also plays a major role in evaluating response to therapy [16] and its role in detecting relapse is well established [17] .
While CNS relapse of DLBCL is uncommon, it tends to occur early in the course of the treatment and patients with extranodal site involvement or immunodeficiency disorders are at higher risk [18] . Sutural involvement by intracranial non-Hodgkin's lymphoma has previously been documented [19] ; however, to the best of our knowledge, direct extracranial extension has not been reported to date. Contrast enhanced MRI is the primary modality for investigating metastatic intracranial metastasis [20, 21] ; however, definitive differentiation on MRI between CNS lymphoma and other causes of brain lesions is not possible [22] ; therefore a histological diagnosis is required for confirmation.
The harvesting of a sample for histological analysis in such a case would usually require an open brain biopsy, with an associated risk of iatrogenic neurological sequelae. One study found a morbidity rate of 6% (mostly intracranial haemorrhage) and an overall mortality rate of 2.8% [23] . A retrospective study focusing on MRI guided stereotactic biopsy for intracranial lymphoma found a 4% mortality rate [24] . Alternative routes for diagnosis such as CSF flow cytometry and cytology are available; however they suffer from lower sensitivities of approximately 29.7% and 18.9%, respectively [25] . In addition, lumbar puncture would not be an option in the setting of potentially raised intracranial pressure. The minimally invasive sampling method used in this case therefore avoided the need for an open procedure and has, to our best knowledge, not been reported previously.
Conclusion
This is a unique case of minimally invasive diagnosis of secondary intracranial lymphoma, made possible due to direct
